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METHODS
Digital Subtraction Intravenous Left Ventricular Angiography:
Comparison With Conventional Intraventricular Angiography
HARVEY L. GOLDBERG , MD, JEFFREY S. BORER, MD, FACC, JEFFREY W. MOSES , MD,
JEFFREY FISHER, MD, BARRY COHEN, BA, NANCY T. SKELLY , BS
New York. New York
Standardcontrastleft ventriculographywith catheter
placementinto the leftventriclentailsrisksand incon-
venience. Computer-baseddigital subtractiontech-
niquesnow permithigh contrastleftventriculography
afterintravenousadministrationfcontrastmedium.To
comparetheaccuracyof intravenousdigitalsubtraction
leftventriculographywith film-based ,standardcontrast
ventriculography,we assessed leftventricularfunction
bybothmethodsin 32patients(8 withvalvulardisease,
22 withcoronarydiseaseand2 withatypicalpain).Stud-
ies in 31 of 32patientswereconsidered.Leftventricular
ejectionfractionby standardcontrastventriculography
rangedfrom 24 to88%.Digitalsubtractionangiography
Angiographicallydeterminedsizeandsystolicfunctionare
primarydeterminantsof the resultsof both medicaland
surgicaltherapyin patientswith ischemic(1), valvular(2)
and cardiomyopathic(3) heartdisease. Several imaging
techniquesare availablefor evaluationof left ventricular
performance.Because of its intrinsically high spatial res-
olutionandits capacity topermitvisualizationofallborders
oftheventricle ,X-raytransmissionventriculography during
injectionof radiopaquecontrast mediumdirectly into the
leftventricularchamber isconsideredthestandardmethod
for such assessment.However, thi stechniquenecessitates
leftheartcatheterizationwithitsattendantrisksandincon-
venienceforthepatientandisoftenassociatedwithcatheter-
inducedventricularectopic rhythm, precludingoptimalas-
sessmentof left ventricularfunction(4) .
To avoid thedifficultiesassociatedwith leftheartcath-
eterization, computerenhancementtechniques, based on
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wasperformedwith bolusinjectionof radiopaquecon-
trastmaterial(30 cc at 20 eels) into theinferiorvena
cava .Thetwo methodscorrelatedclosely inend-diastolic
volume(correlationcoefficient [r]= 0.96,probability
(p]< 0.001), end-systolic volume (r=0.97,p < 0.001)
andejectionfraction(r = 0.98, p< 0.001).Segmental
functionwas assessed visually;preciseagreementexisted
between the twotechniquesin 123 (79%) of the ISS
segments(p < 0.001).It is concludedthatintravenous
digitalangiography provides leftventricularimages of
sufficiently goodquality to allowaccuratequantitative
assessmentof global left ventricularfunctionand vol-
umes as well asdeterminationof regionalfunction.
digitizationofthephotondensityofthe fluoroscopicimage
obtainedduring contrast injection(5-8), have been em -
ployed toprovidehigh resolutionimagesfromthe levophase
of the cardiac angiogram obtainedafterintravenous bolus
injectionofcontrastmedium. Recentl y, this technology has
been appliedto a portabledevicethat potentially allow s
high quality " digitalsubtractionangiograms" to berapidly
and easily obtained forclinicalevaluation. We haveem-
ployed thisequipment to determinethe extentto whi ch
intravenous digital subtraction left ventriculog raphy can
provideinformationpreviously available only withintra-
ventricularcontrastadministrationandfilm-based images.
Methods
Studypatients. Thirty-two adult patients(~ 37 years of age,
26 men and 6 women) underwent both standard left ventriculo-
graphy and digital intravenous angiography as part of our routine
cardiac catheterization procedure for evaluation of right and left
ventricular function. No patient characteristics were employed for
selection of patients for study with the exception that patients with
an unstable clinical course, preexisting renal dysfunction or dia-
betes mellitus were excluded. All patients who underwent both
standard and digital angiography between November1981and
March1982were included in this study. Twenty-two patients had
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coronaryarterydisease,eightpatientshad valvularheartdisease
and two hadchestpain withnormalcoronaryarteries.Cardiac
catheterizationwas performedat least 8 hours after the last food
intakewith thepatientundersodiumpentobarbitalsedation(100
mg intramuscularly)with locallidocaineanesthesia.No nitrate
vasodilatorswere administeredwithin4 hours ofcatheterization
and noothervasoactiveagentswere administeredfor at least 12
hoursbeforecatheterization.No vasoactivedrugswere given dur-
ing angiographyor betweenthe twoangiograms.Twelvepatients
underwentdigitalangiographybeforestandardangiography;20
patientsunderwenthe standardprocedurefirst.Temporalsepa-
rationof the twoangiogramsrangedfrom 5 to 55minutes(average,
16).
Standard ventriculography. Standardleft ventricularcine-
angiographywas performedin the rightanteriorobliqueposition
withcatheterentryinto thefemoralartery using thepercutaneous
Seldingertechnique,witheithera Judkinspigtail orSchoonmaker
catheter.Between30 and 35 cc ofdiatrizoatemeglumineand
diatrizoatesodium(Renografin76) wereinjectedat 6 to 12eels,
accordingto ourstandardclinicaldiagnosticprotocol.All angie-
gramswere recordedat 60frameslson 35 mmKodak CFS film
using aGeneralElectricFluorocon300 system.Films were pro-
cessedusing aJamieson54 processor.
Digital subtraction left ventriculography. Ventriculograms
wereobtainedin the rightanteriorobliquepositionafterinsertion
ofeitheraBermanangiographic,GensiniorJudkinspigtailcatheter
into theinferiorvenacavaby way of the femoral vein.I jection
of30 cc ofRenografin76 mixedwith 15 cc ofsterilesalineflush
solutionwasperformedat a rate of 20eels. Becausesalinesolution
and Renografin(the latterbeingthe moredenseof the two sub-
stances)areimmiscible,whenthe mixtureis injectedin the usual
mannerwith theinjectorsyringenozzle pointeddownward,the
contrastagentarrivesin the vein first.Fluoroscopicenergieswere
4 to 8 rnA, at 75 kVP.
To minimizediaphragmaticmovementandobscurationof the
heart by thediaphragm,patientswere instructedto inspirefully
justbeforeinjectionof thecontrastagent.When possible,patients
were askedto maintainfull inspirationuntil completionof the
levophase(approximately15seconds).If patientswere unable to
complywith thisrequest,expirationwas allowedafter fight ven-
tricularopacificationand asecondmaximalinhalationwas un-
dertakenwith theonsetofleftventricularopacification.Data were
collectedin themicroprocessorof an AmericanEdwardsLabo-
ratoryCarDIAC 1000digitalangiographicdevice.A block dia-
gramof theequipment,as itinterfacesWIth thefluoroscope,is
shownin Figure I.
To obtain a digital subtraction angiogram. the areaof interest
is imagedwith fluoroscopy,forminga pictureon theimage in-
tensifier.This pictureis convertedto ananalogelectricalsignal
by a televisioncamera.The analogoutputfrom thetelevision
camerais presentedto theCarDIAC 1000microprocessorand the
pictureis convertedto adigitalformatthat can beprocessedby
computer.This isaccomplishedby dividingthe image into a 512
by 512"pixel"(pictureelement)matrix.The brightnessof each
pixel isquantified;thequantitythusdeterminedIS proportionalto
thenumberofphotonsincidenton the imageintensifier.Thebright-
ness, orphotondensity,at each pixel isrecordedand storeddig-
itally in themicroprocessormemory.This analogto digital(A to
D) conversionis performedat a rate of 30frames/s.An initial set
of 16framesis averaged,storedin memoryand used to define the
"background"radiationtransmittedthroughthe patientbefore
contrastinjection.The backgroundimage istermeda "mask."
Fluoroscopyis repeatedaftercontrastadministration.resulting
imagesaredigitizedasbeforeand the mask issubtractedfrom the
new image on a pixel by pixel basis. ThIStechniqueresultsin
subtractionor markedattenuationof allstationarystructuresin the
chestand therelativeenhancementof the image of thecontrast
mediumwithin the field ofview,The processeddigitalimageis
thenconvertedback to ananalogsignal(0 to A) forviewingon
a standardtelevisionmonitor.
Measurements. Left ventriculogramsobtainedby both tech-
niques wereassessedin an identicalmanner.A representative
ventricularcycle was identified.End-diastolicand end-systolic
silhouettesof the leftventriclewereoutlinedon transparentplastic.
With referenceto thesilhouetteof astandardcalibrationgrid,left
ventricularend-diastolicand leftventricularend-systolicvolumes
werecomputedaccordingto theSandler-Dodgeformula(9). Ejec-
tion fraction(EF) wascalculatedfrom thevolumes(EF == [end-
diastolicvolume - end-systolicvolume]/end-diastolicvolume).
Ventricularvolumeanalysiswas performedin ablindedfashion.
Each ventriculogramwas assessedby one of fourinvestigators
who areroutinelyinvolvedin volumeanalysisin our laboratory.
Left ventricular segmental function was semiquantified on a 4-
point scale (normal = I, hypokinetic= 2, akinetic= 3 and
dyskinetic= 4). The leftventriclewassubdividedinto 5segments
(anterobasal, anterolateral,apical,inferolateraland inferobasal),
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Figure 1. Schematic diagram depicting the functional
componentsof the digitalsubtractiondevice (CarDIAC
1000) and Its relation to the fluoroscopic imaging chain.
See text for explanatIon.~ == an analog signal;nih== a
digital signal. A to D== analog to digitalconverter.D to
A == digital to analogconverter,I.I == image intensifier,
I == microprocessorthat"subtracts"the"mask,"stored
in memory. from the incoming signal.
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and each segment was individually scored by one of three
investigators.
To minimize interobserver bias, eaeh investigator analyzedboth
the conventional and the digital subtraction angiogram on any
single patient; the angiograms, however, were presented as part
of a multipatient series so that the appropriate pairing of digital
and conventional results was never identified to the investigator.
To minimize memory bias, several days elapsed between inter-
pretation of the two angiograms of a single patient.
Analysis of data. A least squares correlation was used to com-
pare volumes and ejection fractions obtained by both techniques.
The standard error of the estimate was determined for each cor-
relation. Chi-square analysis was used to compare the frequency
of agreement and disagreement in segmental wall motion between
the two methods.
Results
Images of diagnostic qual ity wereobtainedin 31 of our
32 patients, the exception involving a patient who experi-
enced a paroxysm of coughing during the administration of
contrast medium. Among the 31 patients with evaluated
studies, left ventricular ejection fraction determin ed by con-
ventional contrastangiography rangedwidely,from 24 to
88%. Left ventricular end-d iastolic volume ranged from 84
to 322cc'and leftventricular end-systolic volume from 18
to 132cc' ,again from conventional contrast studies .
Leftventricular volumesandglobalejectionfraction
(Fig. 2 to 4). Analysis of left ventricular end-diastolic vol-
ume by both techniques showed a close correlation (cor-
relation coefficient [r]= 0.96, standarderrorof the estimate
[SEE] = 17.3, probability [p) < 0.00 1, Fig. 2). The max-
imaldifference between the two techniqu es was 36 cc, with
a maximal percentdifference (abso lute difference/conven-
tional angiographic volume) of 25%. In addition. there was
Figure3. Left ventricular end-systolic volume (LVESV) as determined
by both conventional intraventricular cineangiography (CINE) and digital
intravenous angiography.
a closecorrelation between left ventricular end-systolic vol-
urnes by both techniques (r=0.97, SEE= 9.8,p<0.OOI ,
Fig. 3). The maximal abso lute differencebetween tech-
niques was 21 cc and the maximal percent difference was
30% . As would be expected from the close correlation in
volumes between the two techniqu es, there was an exce llent
correlation between ejection fractions (r= 0.98 , SEE =
2.9 , P < 0.00 1, Fig. 4) . The maximal difference in eject ion
fraction was 6% and the maximal percent difference (ab-
solute difference in ejection fraction/ejectionfraction by
conventi onal angiography) was 21%.
Segmentalfunction.Of the 155segments analyzed by
conventional angiography , 87 segments were considered
normal, 48 hypokinetic, 16 akinetic and 4 dyskinetic. There
was absolute concordance in interpretation between the two
methods in 123 (79%) of segments (p < 0.001 versus chance)
Figure2. Left ventricularend-diastolic volume (LVEDV) as determined
by both conventional intraventricularineangrography(CINE) and digital
Intravenous angiography. n= number of studies, p= probability; r=
correlation coefficient; SEE= standard error of the estimate.
350
Figure4. Left ventricular ejection fraction (LVEF) as determmed by both
the conventional anddrgrtalIntravenous techniques.
100
a300
...J 250
<t
I-
0
\.9 200 a 00 Ij,
:> 150
0
W n' 31> 100 r'96...J
p< 001
5EE ' 17,3
50
80
...J
~ 60
Q
0
Ii:. 40
W
>
...J
20
n=31
r =.98
p<,OOl
5EE=2.9
LVEF: CINE
o 50 100 150 200 250 300 350
LVEDV : CINE
o 20 40 60 80 100
DIGITAL INTRA VENOUS ANGIOGRAPHY J AM COLL CARDIOL
\983.\(3).858-62
861
r--TN.S.-.\-------.----,
Unlike Vas et al.(7), Tobis et al. (8) reportedexcellent
correlations betweenconventionaland intravenousdigital
techniques for end-systolic volume and ejection fraction .
However, the correlation coefficient forend-diastolicvol-
ume observed by Tobis et al. was0.82,somewhatlower
than in our study. One possibleexplanationfor the differ-
ence in results is that in our study bothventriculograms
were performed during a singlecatheterization,whereas
Tobis et al. performed the studies on twoconsecutivedays,
permitting the interposition of multiple physiologic altera-
tions including changes inintravascularvolume owing to
the effects of contrast medium during the initial day of study.
Tobis et al. were unable to obtain adequate images in 3 of
their 27 patients, all of whom had a low ejection fraction
(::S; 27%) and,presumably,a relatively large central blood
volume. Weencounteredno such difficulties in our initial
studies, perhaps because we administered the contrast bolus
directly into the inferior vena cava and employed a rapid,
1.5 second injection to maintain a tight bolus, while Tobis
et al. injected into the femoral vein over a 3 second period.
Although the correlation betweenconventionaland intra-
venous digital approaches wasexcellentin our study, some
individual patients manifested relatively largediffer ncesin
volumes (up to 36 cc, or 25%) asdeterminedby the two
techniques; differences in ejection fraction wererelatively
smaller (maximal 6%).
Methodologicconsiderations.One possible source of
systematicdisagreementbetween conventional ventriculog-
raphy andintravenousventriculographyis the different
manner in which contrast medium is introduced into the left
ventricle.It is unlikely that this technicaldifferenceaccounts
for the variation in our results,however,because in exper-
imental animals, Norris et al. (10) have shown that although
both techniques have significant effects onventricularvol-
ume and function, such effects become evidentsubsequent
to the point of maximalventricularopacification.Similarly,
in a study comparing the effects of standard and lowcontrast
load left ventricularangiography, Sasayama et al. (11) showed
that the hemodynamic effects of the former technique are
not evident until after several cardiac cycles, during which
time most information would be obtained.Moreover,vari-
ations in results of the magnitude noted in our study are
within the range reported by Chaitman et al. (12) for in-
terobserver variability in analysis of a singlecineangiogram.
Thus, although it is possible that differences in results are
attributable to imprecision or systematic errors inherent in
the intravenous digital subtractiontech ique,such inaccur-
acies are probably of sufficiently smallmagnitudeso as to
be lost in the"noise" introduced byinterobserverand in-
traobserver variability.
Assessment of regional left ventricularfunc-
tion. Previous reports have notc mmentedin detail on the
accuracy ofintravenousdigital angiography in detecting
abnormalities of regional leftv n ricularfunction. Our data
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Figure6. Concordanceof segmentalfunction,asdeterminedfor each of
five leftventricular(L.V.) regions.The frequencyof preciseagreement
betweenthe twotechniqueswasmdependentof thesegmentanalyzed.AB
= anterobasal;AL = anterolateral;AP = apical; IE= inferobasal;IL
= inferolateral;N.S. = not significant.
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Discussion
Comparisonwithpreviousstudies.Our data indicate
that leftventricularangiograms obtained during the levo-
phase of anintravenousinjection of contrast medium and
displayed with the aid of the digital subtraction technique
provide volumetric and global and regional functional in-
formationcomparablewith that obtained from conventional
intraventricularcontrastcineangiography.Our work con-
firms and extends thepreliminaryreport of Kronenberg et
al. (7), who reported similarexcellentcorrelations in 5
patients; of Vas et aI. (6), who reportedcomparativestudies
in 4 patients and of Tobis et al. (8), who reportedOn a
series of 24 patients.However,Vas et al. also reported a
systematicunderestimateof leftventricularvolume com-
puted from the digital intravenousangiograms.We did not
find such adiscrepancy,nor can we explain thisobservation.
DYSKINESIA
Figure5. Concordanceof leftventricularsegmentalfunction as deter-
mined by digitalintravenousandconventional(CINE) angiography.Pre-
cise agreementwas seen in 79% ofsegments.
(Fig. 5).Concordancebetween techniques was independent
of the segment analyzed (Fig. 6).
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indicate that regional function assessment using the intra-
venous digital approach compares favorably with that using
conventionalintraventriculardministrationand analog in-
formationcollection.Thus, results of analysis of digital
ventriculogramsagreedpreciselywithconventionalangi-
ography in 79% of the segments studied; the two techniques
never differed by more than one grade.In 29 of the 32
segments over whichdisagreementexisted,the segment in
quesion was read as normal by one method and hypokinetic
by the other. This degree ofdiscordancein assessment of
regional wall motion iscomparablewith that described by
Chaitman et al. (12), when two observers subjectively ana-
lyzed the same series ofventriculograms;however, Chait-
man et al. did not describe the amount ofintraobserver
variance insubjectivelyanalyzedventriculograms,the vari-
able mostappropriatewith regard to our data.
Limitations of the method . .Although results obtained
in this study indicate clinical utility of the intravenous digital
subtractionmethod,certain limitations and difficulties in
acquisition and analysis are inherent in the technique. First,
visualassessmentof anintravenous,levophase left ventri-
culogram provides noinformationregarding mitral regur-
gitation, thoughapplicationof digitalcomputer-basedmeth-
ods now employed in radionuclidecineangiography
theoretically could mitigate this difficulty (13). Moreover,
though we obtainedexcellentquality angiograms in those
patients in our series whose ejection fraction was depressed,
very low forward cardiac output or tricuspidregurgitation,
or both, could result infragmentationof the contrast bolus,
with resulting poorpacificationof the left ventricle during
the levophasepresumablyaccountingfor the difficulties in
three studiesencounteredby Tobis et al. noted previously.
Inaddition, thebackgroundcorrection requires precise pixel
by pixelsubtractionof the"mask" from the angiogram;
therefore,movementof either the chest or the diaphragm
can result inmisregistrationof pixels, with distortion or
obscuration of thev ntricularimage.
Conclusion. Our studies indicate the feasibility and ac-
curacy ofintravenouscontrast,computer-baseddigital sub-
tractionangiographyin comparisonwith conventional in-
traventricularcontrastangiographyrequiring left heart
catheterization.The ease of application of this new tech-
nique, which clearly is readily amenable tooutpatientuse,
provides a convenient, high spatial resolution alternative to
other ventricular imaging methods.
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